asphyxiation. The plasma was separated from whole blood by centrifugation and stored at −80℃ until analysis of plasma lipids. 
Measurement of plasma cholesterol, NEFA, HDL-cholesterol, glucose, and triglyceride levels
The following tests were performed with kits obtained from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Total plasma cholesterol concentrations were measured using a cholesterol E-test kit based on cholesterol oxidase. Plasma triglyceride concentrations were determined using a triglyceride E-test kit based on the glycerol-3-phosphate oxidase method. Plasma nonesterified fatty acid (NEFA) concentrations were measured using a NEFA C-test kit involving the acylcoenzyme A (CoA) synthase, acyl-CoA oxidase, and peroxidase method. Plasma HDL-cholesterol concentrations were determined by means of a HDL-cholesterol E-test kit based on the cholesterol esterase, cholesterol oxidase, and peroxidase. Plasma glucose concentrations was quantified by means of a glucose CII-test kit involving glucose oxidase and peroxidase.
Measurement of fecal weight and fecal lipid extraction Feces
were collected 3 days before dissection and were then dried in the lyophilizer (FD-1000). After that, weights of freeze-dried feces were measured, and the feces were pulverized in a food mill (TML17. TESCOM Co., Ltd., Tokyo, Japan) for 30 s. Fecal lipids were extracted from the fecal powder by the Bligh and Dyer method (Bligh et al., 1959) .
DNA extraction from cecal contents Procedures of DNA
extraction from cecal contents were conducted according to Matsuki's method (Matsuki, 2006) . Cecal samples (20 mg) were washed two times by resuspending them in 0.2 mL of PBS and centrifuging each preparation at 14,000 × g to remove possible PCR inhibitors. Following the second centrifugation, the cecal pellets were resuspended in a solution consisting of 0.2 mL of PBS, and Enterobacteriaceae cell counts by means of specific primers (previously described; Table 2 
Results
General observations No significant differences were observed between the groups PGA and CON in final body weight 
Plasma lipids and glucose
The concentrations of triglycerides, total cholesterol, glucose, NEFA, and HDL-cholesterol in plasma were investigated (Table 3) . Plasma total glucose levels tended to be lower in the PGA group. The plasma NEFA level also tended to be lower in the PGA group. There were no differences in plasma Figure 4 . Cecal Lactobacillus counts were significantly greater in the PGA group than in the CON group.
Cecal Prevotella counts tended to be higher in the PGA group.
By assessing the correlations between ratios of bacterial cell numbers and the fecal lipid contents, we found that the ratio of Log 10 Atopobium cluster counts to Log 10 B. fragilis group counts negatively correlated with the fecal lipid contents (Fig. 3) . On the other hand, cecal B. fragilis group cell numbers tended to be greater in the PGA group than in the CON group. 
Discussion
Amounts of visceral fat were significantly smaller in the PGA group than in the CON group. In this experiment, plasma glucose levels and plasma NEFA levels tended to be lower in the PGA group. It has been reported that visceral fat accumulation is correlated with glucose intolerance, hyperlipidemia and hypertension (Sugawara et al., 2011) . Eleveted fasting glucose and elevated waist circumference are the criteria for diagnosing the metabolic syndrome (Reaven, 2011) . A comparable relationship exists between steady-state plasma glucose concentration and waist circumference. A waist circumference is one of the most reliable clinical measure of abdominal fat compartments (Chan et al., 2003) . In our experiment, lower plasma glucose levels might relate with lower visceral fat.
On the other hands, insulin resistance caused by FFA produced from hypertrophic adipose tissue (Yamauchi et al., 2001) . It has been reported that excess FFA may cause the enhancement of lipid synthesis and gluconeogenesis as well as insulin resistance (Matsuzawa et al., 1995) . Higher FFA levels also relate with the visceral fat accumulation. These lower levels in the PGA group may be related to the lower amounts of visceral fat in this group.
γ-PGA is resistant to the digestive enzymes of the gut (Tanimoto, 2010) . γ-PGA is water-soluble, and its solution is viscous. Pectin is one of the water-soluble dietary fibers, and an aqueous pectin solution is also viscous, like that of γ-PGA. It has been reported that pectin increases fecal fat excretion (Munakata et al., 1995) , which also increases with nutritional supplementation with viscous linseed dietary fiber in rats (Kristensen et al., 2013) .
The viscous nature of γ-PGA solutions may have increased the fecal fat excretion via a mechanism similar to that of viscous water-soluble dietary fiber.
It has been reported that a high-fat diet increases the proportion of lipopolysaccharide (LPS)-containing intestinal bacteria, and bacterial LPS serves as a proinflammatory factor triggering insulin resistance, obesity, and diabetes (Cani et al., 2007) . Here, γ-PGA decreased the visceral fat in the PGA group as compared to the CON group. γ-PGA might decrease the amounts of endotoxin from gram-negative intestinal bacteria through modulation of the intestinal microbiota or by reducing the release of LPS from gramnegative bacteria. Effects of γ-PGA on the LPS from gram-negative bacteria should be studied further.
Cecal Lactobacillus cell number was significantly greater in the PGA group. Reduction of inflammation in adipose tissue in mice fed a high-fat diet with coadministration of Lactobacillus gasseri SBT2055 has been reported (Kawano et al., 2016) . L.
gasseri SBT2055 inhibits proinflammatory gene expression in the visceral adipose tissue of mice with diet-induced obesity (Miyoshi et al., 2014) . Dietary supplementation with a Lactobacillus salivarius mixture in broilers improves body weight and reduces total cholesterol, LDL-cholesterol, and triglyceride levels in blood; therefore, L. salivarius was suggested as a beneficial probiotic for broiler chickens (Shokryazdan et al., 2017) . Thus, some It has been demonstrated that coadministration of γ-PGA and isoflavone is effective at ameliorating metabolic syndrome in mice fed a high-fat diet (Lee et al., 2013) . In that report, the amount of reported that dietary medium-chain fatty acids (Zentek et al., 2012) and high fat diet (Hildebrandt et al., 2009) Values are means ± SE (n = 7). *p < 0.05. Cecal Prevotella was tended to be high in the PGA group (P = 0.053). Plasma total glucose level was tended to be low in the PGA group (p = 0.13). Plasma NEFA level was also tended to be low in the PGA group (p = 0.13). There were no differences in the plasma total cholesterol, HDL-cholesterol and triglyceride levels in the two dietary groups.
PGA can be hydrolyzed by the γ-glutamyl hydrolase of intestinal bacteria, it has been reported that Helicobacter pylori (Ling et al., 2013) , Fusobacterium nucleatum (Mineyama et al., 1997) , and E. coli (Suzuki et al., 1993) have γ-glutamyl transpeptidase. Consequently, these bacteria may utilize glutamic acid by hydrolyzing PGA. Dietary PGA may be utilized by some intestinal bacteria having a γ-glutamyl hydrolase and could have affected the composition of the microbiota in the PGA group here.
It is known that the intestinal microbiota of the rats fed apple polysaccharides with a high-fat diet shows higher abundance of Bacteroidetes and Lactobacillus, and these treatments inhibit microbial dysbiosis and chronic inflammation, as compared to the controls fed the high-fat diet alone (Wang et al., 2017) . In our experiment, cecal Bacteroides fragilis group counts tended to be 
